A35006 (071308.0294) 
PATENT 



BAKER BOTTS L.L.P. 
30 ROCKEFELLER PLAZA 
NEW YORK, NEW YORK 10112 



TO ALL WHOM IT MAY CONCERN: 

Be it known that WE, MAXIMILLIAN FLEISCHER, HANS MEIXNER, 
TIM SCHWEBEL and ELFRIEDE SIMON, citizens of Germany, whose post office 
addresses are Schlossangerweg 12, 85635 Hoehenkirchen, Germany; Max-Planck-Str 5, 
85540 Haar, Germany; Hans-Mielich-Str 25, 81543 Muenchen, Germany, and Winthir 
Str. 18, 80639 Muenchen, Germany, respectively, have invented an improvement in 

ALCOHOL SENSOR USING THE WORK 
FUNCTION MEASUREMENT PRINCIPLE 

of which the following is a 

SPECIFICATION 

FIELD OF THE INVENTION 
[0001] The invention relates to an alcohol sensor using the work function 

measurement principle which is produced in the form of a gas-sensitive field-effect 
transistor. 

BACKGROUND OF THE INVENTION 
[0002] There continues to be a need for inexpensive noninvasive alcohol sensors 

which determine the concentration of alcohol in various gas mixtures. Development of 
such a sensor is of importance since determining the alcohol concentration is necessary in 
various applications, for example detecting the blood alcohol value by determining 
ethanol in expired air or on the skin, in the membrane biotechnology sector, for example 
in fermenter processes, or in room air monitoring, for example for workplace safety. 
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There are presently no sensors which have sufficiently long-term stability and which are 
inexpensive. 

[0003] Determining the alcohol concentration in expired air for monitoring 

compliance with the blood alcohol limits is important particularly in the area of testing 
one ! s ability to drive in traffic. For this application it is necessary to develop inexpensive 
alcohol sensors in order to provide versatile expedient hand-operated instruments. 

[0004] In the field of asthma diagnosis by means of nitrogen oxide detection in 

expired air, elimination of interfering effects is of great importance, for example 
eliminating effects of other gases which are present in high concentration. The ethanol 
concentration in expired air can rise up to 1500 ppm. Using an alcohol gas sensor, the 
concentration of ethanol can thus be determined in parallel, and thus the quality of the 
actual nitrogen oxide detection checked, and if appropriate, improved. 

[0005] In addition to determining the alcohol concentration in expired air, alcohol 

content following alcohol consumption can also be detected on the skin. This provides 
the possibility for continuously measuring alcohol content without the active cooperation 
of the person being tested, and hence is ideal for monitoring persons who are, for 
example, in emergency medical situations. 

[0006] Alcohol concentration measurements in the biotechnology sector are 

important for processes in which methanol is used as substrate in fermenter processes. 
Maintaining the methanol concentration precisely within a defined optimum range is of 
great importance for carrying out the fermentation and maintaining the fermentation 
processes. Monitoring the alcohol concentration in ambient air, for example in the 
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workplace, is of great importance for ensuring workplace safety and compliance with 
MAC values. These are, with respect to ethanol, 1000 ppm, and, with respect to 
methanol, 200 ppm. Here also, the use of an inexpensive alcohol sensor or even of a 
personal alcohol alarm, is desirable. 

[0007] Some known commercial alcohol sensors function primarily according to 

the resistive principle, where semiconductor materials are used as a gas-sensitive layer. 
A known gas-sensitive material for such sensors is tin oxide. Gallium oxide as a 
semiconductor material also has a very good sensitivity, and compared with tin oxide has 
a higher thermal long-term stability. By combining various filter layers over the gas- 
sensitive layers, highly selective sensors for detecting ethanol have been developed. 
Known materials for filter layers are, for example, silicon dioxide or aluminum oxide. 
These developments have been able to suppress cross-sensitivities to interfering gases. 
However, a disadvantage of semiconductor alcohol sensors is the power requirement for 
the obligatory sensor heating, and for this reason, sensor variants for use as modular 
elements or in battery-operated instruments, for example a cell telephone, are not 
currently possible. 

[0008] In addition to the foregoing, electrochemical alcohol sensors are known 

which are also used as hand-operated instruments for measuring alcohol in the breath. A 
disadvantage of these sensors is that they have only a limited life and are costly. 

[0009] In the area of optical methods of measurement, there are infrared sensors 

for determining alcohol in expired air, or gas sensors which are based on the principle of 
cataluminescence. Infrared detection using bandpass filters frequently shows a high 
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cross-sensitivity to various hydrocarbons and gases, in which case selective detection of 
alcohols under actual conditions cannot be guaranteed. Although cataluminescence- 
based alcohol sensors can differentiate between various alcohols, for example between 
ethanol and butanol, they cannot differentiate between alcohols and ketones. 
Furthermore, these optical methods of measurement are also very expensive. 

SUMMARY OF THE INVENTION 
[0010] It is an object of the present invention to provide an inexpensive, portable 

alcohol sensor. The invention is based on the finding that using a combination of a 
sensor which is read-off by the work function measurement principle, and is produced in 
the form of a field-effect transistor, results in important advantages with respect to the 
energy supply. The particular selection of polymers or inorganic metal oxides for use as 
a sensitive layer gives a further optimization of such an alcohol sensor. The essential 
advantages of the present invention are the range of operating temperatures which are 
between room temperature and a maximum of 60°C. As a result, measurements can be 
carried out with reduced heating energy requirements which makes development of an 
inexpensive sensor possible and opens up applications involving low-power electrical 
supply. Furthermore, the sensor offers the advantages of selecting sensitive materials 
having a greater bandwidth that can be prepared relatively simply. The gas sensors can 
be coated with a gas-sensitive layer of polymers, for example polysiloxane, 
polyetherurethane, polycarbonate or calixarenes. Furthermore, metal oxides, for example 
scandium oxide, also have alcohol-sensitive properties. By combining different gas- 
sensitive layers which respond to different gases, the effects of temperature and moisture, 
for example, can be eliminated from the alcohol measurement. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The present invention is described in greater detail below and in 

connection with the drawings, in which; 

Figure 1 illustrates the concept of a gas-sensitive field-effect transistor in 

two variations; 

Figure 2 illustrates a field-effect transistor in a dual construction to 
compensate for the effect of moisture, and having moisture- and alcohol-sensitive layers; 

Figure 3 illustrates the hypothetical structure of polysilsesquioxane; 

Figures 4A and 4B illustrate the change in work function at differing 
ethanol concentrations in synthetic air at 28% relative humidity, and the ethanol 
characteristic line at a temperature of 60°C; 

Figure 5 illustrates the change in work function of 
polycyclopentylsilsesquioxane at differing methanol concentrations at a sensor 
temperature of 60°C for a measurement in synthetic air of 30% relative humidity; and 

Figure 6 illustrates the time course in the work function difference 
between two Sc 2 0 3 samples for application of 70 ppm of methanol at room temperature 
in synthetic air of 40% relative humidity. 

DETAILED DESCRIPTION OF THE INVENTION 
[0012] The gas sensors of the present invention can be coated by polymers, for 

example polysiloxanes, polyetherurethanes, polycarbonates or calixarenes. In addition, 
metal oxides, for example scandium oxide, also display alcohol-sensitive properties. 
Reading-out the work function via a newly developed field-effect transistor (FET) 
enables a smaller and more cost-effective construction of this gas sensor system. 
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[0013] With these objectives, Figure 1 shows two variants for the structure of the 

field-effect transistor. The gas-sensitive layer 1 can, in accordance with variant 1, be 
applied separately to a substrate and be situated opposite the gate of the field-effect 
transistor. In accordance with the Figure 1, the gas-sensitive layer 1 is situated at a gate 
electrode 3. Variant 2 in Figure 1, shows a layer structure which is considerably simpler 
in terms of method of construction. In this case, the gas-sensitive layer 1 is applied 
directly to the gate of the field-effect transistor, that is to say on the side of the substrate 
on which the source and drain areas are placed. 

[0014] By combining various layers in a sensor arrangement, the temperature and 

moisture effects relative to the target gas sensor signal to be measured can be determined. 
If a moisture-sensitive layer and an alcohol-sensitive layer are used simultaneously in a 
sensor arrangement, or in a field-effect transistor, this makes it possible for direct signal 
balancing and specific evaluation of the actual alcohol signal. Thus, an alcohol sensor in 
which the cross-sensitivities are virtually eliminated can be developed and brought into 
production. 

[0015] Figure 2 illustrates two different gas-sensitive layers 5 and 6. One layer is 

sensitive not only to alcohol but also to moisture. The other layer is only sensitive to 
moisture, so that its signal can be used for correction to eliminate the effect of moisture 
on the actual signal used for the purpose of alcohol detection. The gas-sensitive layers 5 
and 6 are each positioned opposite a source-drain area. 

[0016] By means of the sensor described, it is possible to develop an alcohol 

sensor having a multiplicity of applications in an inexpensive form. The applications are, 
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for example, alcohol measurements in expired gas, in fermenter processes or, for 
example, for workplace safety. Important features of the present invention are the 
combination of the principle of measuring the change in work function and the use of 
specific material layers to determine alcohol in gases. By using a second gas-sensitive 
layer which reacts, for example, solely to moisture, cross-sensitivities, in particular in the 
breath, can be compensated for. It is thus possible to obtain the alcohol concentration via 
a sensor having low operating power consumption and low manufacturing costs. 

[0017] Figure 3 shows the structure of polysilsesquioxane. Studies of various 

compounds have found that polymers such as polysiloxanes are particularly suitable for 
direct measurement of ethanol by means of work function change. In this case, 
polysilsesquioxane derivatives, which distinguish themselves among the class of 
polysiloxanes by their particular structure and stoichiometric composition (RSiOi.5), are 
particularly suitable. 

[0018] Work function measurements and the ethanol characteristic of 

polycyclopentyl-silsesquioxane are shown in the Figures 4A and 4B. In Figure 4A it may 
be noted that the sensor signal decreases with increasing ethanol concentration. The 
sensitivity of this material, at a sensor temperature of 60°C, is -54.4 meV per decade 
ethanol concentration, with very narrow response times. The gas-sensitive layer shows 
cross-sensitivities to acetone at -13 meV per decade of acetone concentration, and a very 
low nitrogen oxide sensitivity of -12 meV at 2 ppm of nitrogen oxide. Nitrogen oxide is 
present at between 3 ppb and 10 ppb in usual expired air. In addition, a low sensitivity to 
moisture was found. Polycyclopentylsilsesquioxane, in addition to the high ethanol 
sensitivity, shows a sensitivity to methanol which is lower, but nevertheless good. 
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Figure 5 shows the change in work function with differing methanol concentrations. The 
sensitivity of the sensor is -26 meV per decade of methanol concentration at a sensor 
temperature of 60°C. The sensitivity is thus lower than for ethanol by a factor of 2. 

[0019] Scandium oxide (Sc 2 0 3 ) has been identified as a further methanol- 

sensitive material To study the gas sensitivities, two samples were produced using a 
scandium thick-layer paste. The base element of the sensor consists of a ceramic 
aluminum oxide element onto which a platinum electrode is applied over the whole 
surface. This electrode serves for the electrical contacting of the Kelvin system. The 
scandium oxide paste was applied using a brush. 0.15 g of SC2O3 and about 7 g of organic 
binder, for example ethylcellulose in terpineol, were used. On account of the high 
solubility of scandium oxide in the binder, very homogeneous layers can be produced. 
The resultant layer thicknesses are in the range of a few hundred micrometers. The 
ceramic element, after application, is dried at 80°C for about 30 minutes and then 
tempered at 950°C for about 15 minutes. The organic binder in the paste is decomposed 
by this and formation of a polycrystalline structure is made possible. Adhesion of these 
layers to the substrate is improved by burning in the layer at temperatures above 1200°C. 
When viewed by light microscopy, a porous structure can be seen. Compared with the 
geometric surface area, the effective absorption area is much greater. The interaction 
with gases is promoted. 

[0020] Figure 6 shows the course of the work function difference between SC2O3 

for an application of 70 ppm of methanol at room temperature in synthetic air. The 
course of measurement shows qualitatively the same behavior for both samples. The 
measurement shown applies to room temperature. When 70 ppm of methanol in synthetic 
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air are applied, the work function difference between the gold reference electrode used 
here and the SC2O3 element increases. 

[0021] The sample (a) in Figure 6 reacts with a contact potential difference of 

160 meV, and sample (b) even achieves 210 meV. The differing sensitivity of the two 
samples can be based on (i) the non-reproducibility of the preparation of the layers or, 
(ii) the differing layer thicknesses and differing crystal structures which lead to a 
difference in absorption behavior. Depending on the use, the described organic and 
inorganic layers can be used as an alcohol sensor for detecting ethanol in expired air, or 
for detecting methanol in fermenter processes. Furthermore, they serve for detecting the 
amount of gas in the alcohol measurement both for ethanol and for methanol, for example 
in workplace safety. 



NY02:372697.2 



-9- 



